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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active substance for a nonaqueous electrolyte 
solution secondary battery of lower cost and excellent charge/ discharge characteristics than the prior art. 
SOLUTION: The active substance, in the shape of powder, has a phosphate compound on all or a part of the 
powder surface with an olivine structure as expressed in: Li1-XAXFe1-Y-ZMYMeZP1-mXm04-nZn. A denotes 
at least either of Na and K. M denotes at least one kind of metal elements except Fe, Li, and Ai. Me denotes at 
least either of Li and AI. X denotes at least one kind of Si, N, As, and S. Z denotes at least one kind of F, CI, 
Br, I, and S; with x, y, z, m, and n satisfying the following formulae. 0<x<0.1, 0<y<0.5, 0<z<0.3, 0<y+z<0.5, 0<m< 
0.3, 0<n<0.5, x+z+m+n>0. 
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CLAIMS 

[Claim(s)] 

[Claim 1]Positive active material characterized for a phosphoric acid compound which has the olivine structure 
powdered and expressing with general formula (I) by this whole powder or having a part on the surface. 
Lil-xAxF«1-Y-zMYMezPl-mXr„04-nZn - 

(At least one sort of the metallic elements other than A:Na and at least one sort in K, M:Fe, LI, and aluminum) 

At least one sort in Me:Li and aluminum, X:Si. N, As, and at least one sort in S, Z: At least one sort in F, CI, Br, 

I, S, and N, 0<=x<=0.1, 0<=y<=0.5, 0<=z<=0.3, 0<=y+z<=0.5, 0<=m<=0.3. 0<=n<=0.5, x+z+m+n>0 

[Claim 2]The positive active material according to claim 1 which is among [ z> 0 ] said formula. 

[Claim 3]The positive active material according to claim 1 or 2 which is among [ n> 0 ] said formula. 

[Claim 43The positive active material according to any one of claims 1 to 3 which is among [ m> 0 ] said 

formula. 

[Claim 5]The positive active material according to any one of claims 1 to 4 which is among [ x> 0 ] said formula. 

[Claim 6]An anode which has occlusion or the positive active material which can be emitted for a lithium ion. 
They are occlusion or a negative electrode which can be emitted about a lithium ion. 

It is the nonaqueous electrolyte secondary battery provided with the above, and said positive active material is 
characterized by being said positive active material according to claim 1 to 5. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to positive active material and a nonaqueous electrolyte secondary 

battery applicable to a nonaqueous electrolyte secondary battery. 

[0002] 

[Description of the Prior Art]In recent years, development of cordless electronic equipment, such as a video 
camera and a portable telephone set, is remarkable. Cell voltage is high as a power supply of these 
noncommercial use way, and also especially the nonaqueous electrolyte secondary battery which has high 
energy, and in it, a lithium secondary battery attracts attention and is put in practical use. The field of a car is 
still more prosperous in development of an electromobile and a hybrid car from the correspondence to the 
present, an environmental problem, etc., and the lithium secondary battery attracts attention also as such a 
. power supply for mount. 

[0003] Lithium transition metal multiple oxides in which about [ 4V ] cell voltage is shown as positive active 
material of the above-mentioned cell, such as LiCoOg, LiNiOg, and LiMnjO^, are used or examined. 
[0004] However, since it uses a lot of [ a service condition / a service condition is severe and ] material as 
: compared with noncommercial ways, such as usual cordless electronic equipment, in using a nonaqueous 
electrolyte secondary battery as a power supply for mount, in addition to the improvement in the characteristic 
of high energy density, the charging and discharging characteristic in a high current, etc., the further low cost- 
ization is needed. 

; [0005]Examination using lithium phosphoric acid compounds of the olivine structure which contains iron instead 
of, such as expensive cobalt, as positive active material is conventionally performed for the purpose of such 
low-cost-izing (JP,H9-134725,A, JP,H11-25983,A). 

[0006] 

[Problem(s) to be Solved by the Invention]However, when positive active material with the conventional olivine 
structure was used, the charging and discharging characteristic in the high current was not enough. Therefore, 
under the present circumstances, a mounted use etc. cannot respond to the apparatus which needs the 
charging characteristic in a high current. 

[0007] So, in this invention, when it applies to a nonaqueous electrolyte secondary battery, it is providing 
positive active material with the olivine structure which excelled the conventional positive active material in the 
charging and discharging characteristic in the high current, and providing the nonaqueous electrolyte secondary 
battery which applied the positive active material. 

[0008] 

[Means for Solving the Problem]This invention persons as a cause that the characteristic as a result of 
inquiring wholeheartedly, when a nonaqueous electrolyte secondary battery using positive active material with 
the conventional olivine structure carries out charge and discharge by a high current is insufficient in order to 
solve an aforementioned problem. It was presumed that it was in speed at which Li diffuses inside of positive 
active material at the time of charge and discharge being checked by crystal structure. That is, positive active 
material of the conventional olivine structure had weak associative strength of partial phosphoric acid and an 
iron part, and, as for an iron part, an interaction with lithium was large. Therefore, it made it produce some 
distortion in a crystal skeleton to improve the characteristic, and thought out for what is necessary to be just 
to adjust associative strength. Then, in order to make a crystal skeleton produce distortion, the whole positive 
active material or as a result of other elements' replacing a part of surface presentation in very small quantities 
in part, it found out that a charging and discharging characteristic in a high current improved, and the following 
inventions were performed. 

[0009]That is, positive active material of this invention is characterized for a phosphoric acid compound which 
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has the olivine structure powdered and expressing with general formula (I) by this whole powder or having a part 
on the surface. 

[0010]Generai formula (F) is ^']-x\^^]-Y-z^Y^^z^\-m^trP4-n^n °^ ^'^^ ^nd the K). M: At 

least one sort in metallic elements other than Fe, Li, and aluminum. At least one sort in Me:Li and aluminum, 
X:Si, N, As, and at least one sort in S, Z: F — CI — Br — I — S — and — N — inside — at least — one — a 
sort — zero — <= — x — <= — zero . — one — zero — <= — y — <= — zero . — five — zero — <= — z — 
<= — zero . — three — zero ~ <= — y+z — <= — zero . — five — zero — <= — m — <= — zero . — three 

zero — <= — n — <= — zero . — five — x+z+m+n — > — zero — expressing — having . 
[001 1]Since movement of a lithium ion is first started from a surface portion of positive-active-material 
particles when current flows into a nonaqueous electrolyte secondary battery, If what a high current flows 
through is a short time, it will be thought that making a crystal structure of positive active material distorted 
can attain sufficient characteristic improvement effect if it carries out about surface [ a part of ] at worst [ of 
positive-active-material particles ]. 
: [0012] 

[Embodiment of the Inventlon][Positive active material] The positive active material of this invention is 
explained based on following embodiments. This invention is not limited by following embodiments. 
I [0013]the phosphoric acid compound which has the olivine structure which is powdered as for the positive 
I active material for lithium secondary batteries of this embodiment, and is expressed with general formula (I) — 
I i the whole of this powder — or it has a part on the surface. 
[0014] 

Although the positive active material of this invention may include an inescapable impurity and deficit on 
manufacture, even if it is such a case, there is no doubt in being contained in the positive active material of this 
invention. 

[001 5]A is at least one sort in Na and K, and it is preferred that it is K. And it is preferred that it is 0<=x<=0.1. 
It is because there is a possibility that the capacity of charge and discharge may fall when the rate of replacing 
lithium atoms is higher than this. 

[001 6]M is at least one sort in metallic elements other than Fe, Li, and aluminum, and it is preferred that they 
are Co, Mn, and nickel also in it. And it is preferred that it is 0<=y<=0.5. It is because there is a possibility that 
capacity may fall when higher than this. 
I [001 7]Me is at least one sort in Li and aluminum, and it is preferred that it is Li further. And it is preferred that 
I it is 0<=z<=0.3. It is because there is a possibility that capacity may fall when the rate of replacing an iron atom 
' is higher than this. 

[0018]And it is preferred that it is 0<=y+z<=0.5. It is because there is a possibility that capacity may fall when 
higher than this. 

[0019]It is at least one sort in Si, N, As, and S, as for X, it is preferred that they are N, As, and S, and it is 
preferred that it is As further. And it is preferred that it is 0<=m<=0.3. It is because there is a possibility that 
capacity may fall when the rate of replacing a phosphorus atom is higher than this. 

[0020]It is at least one sort in F, CI, Br, I, S, and N, as for Z, it is preferred that they are F, CI, Br, and S, and it 
is preferred that they are F and CI further. And it is preferred that it is 0<=n<=0.5. It is because there is a 
possibility that capacity may fall when the rate of replacing an oxygen atom is higher than this. 
[0021]And it is required to be the inside z> 0 of a formula, n> 0, m> 0, and/or x> 0. In this, it is preferred to 
replace an iron atom (z> 0) and/or an oxygen atom (n> 0) by other atoms. 

[0022]It can manufacture by mixing and calcinating the raw material which is a compound which is not limited 
especially as a method of manufacturing the positive active material of this embodiment, for example, contains 
lithium, iron and Lynn, and the element contained in addition to this, respectively. 

[0023]Although lithium compounds, such as a lithium carbonate lithium oxide, a lithium nitrate, lithium hydroxide, 
and lithium acetate, can be used as a lithium raw material, handling is easy, and since poisonous gas is not 
generated at the time of calcination, lithium carbonate is preferred. 

[0024]As an iron raw material, iron compounds, such as a metallic oxide, acetic acid metal salt, and ferrous 
oxalate di hydrate, can be used. 

[0025]As a phosphorus material, phosphorus compounds, such as ammonium phosphate "^^^^ ^ 2HPO4", can be 
used. 

[0026]In addition, as long as the material containing the element to add is a compound containing the element, 
what kind of thing may be sufficient as it. For example, there are a simple substance, an organic compound, a 
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hydroxy compound, an oxide, carbonate, a nitrate complex, etc. 

[0027]The mixing method in particular of a raw material is not restrained, and should just be everywhere mixed 
by solid phase, the liquid phase, and/or the gaseous phase in a fixed quantity. 

[0028]Although a firing environments in particular is not restricted, it is preferred to calcinate in the 
atmosphere, oxygen, and/or nitrogen + oxygen environment. Calcination temperature in particular is not limited. 
[0029][Nonaqueous electrolyte secondary battery] The nonaqueous electrolyte secondary battery of this 
invention is explained based on the embodiment applied to the lithium secondary battery below. This invention 
is not limited by following embodiments. 

[0030]The lithium secondary battery of this embodiment reaches with an anode, a negative electrode, and an 
electrolysis solution, and, in addition to this, consists of an element as occasion demands. The lithium 
secondary battery of this embodiment does not receive restriction in particular in the shape, but can use it for 
it as a cell of various shape, such as a coin type, cylindrical, and a square shape. According to this embodiment, 
it explains based on a cylindrical lithium secondary battery. 

[0031]The lithium secondary battery of this embodiment stores the winding body which laminates both via a 
separator by making an anode and a negative electrode into sheet shape, and was wound around the whorl type 
about many times in a cylindrical predetermined case with the electrolysis solution which fills an opening. About 
an anode, a positive pole terminal part, and a negative electrode and a negative pole terminal part, it Is joined 
electrically, respectively. 

[0032]An anode has a lithium metal multiple oxide which can emit a lithium ion at the time of charge, and can 
carry out occlusion at the time of discharge in positive active material. A lithium metal multiple oxide is 
excellent in the performance of an active material, such as excelling in the diffusion performance of an electron 
and a lithium ion. Therefore, if the multiple oxide of such lithium and a transition metal is used for positive 
active material, high charge and discharge efficiency and a good cycle characteristic will be acquired. As for an 
anode, it is still more preferred that the anode laminated wood produced by mixing positive active material, a 
conducting material, and a binding material uses the thing which it comes to apply to a charge collector. 
[0033]The positive active material mentioned above can apply the main ingredients of positive active material 
as it is, and they omit explanation. It not only uses it independently, but the positive active material mentioned 
above may mix two or more above-mentioned positive active material, and it may use it. In addition, if needed, 
one or more sorts can be mixed and a common lithium metal oxide can also be used. For example, they are Li^^ 
-s) '^''^2' '-'(1-s) '^"02' '-'(1-s) ^"2^4- '-'(1-s) ^°^2' material that added or replaced transition metals, such as 
Li, aluminum, and Cr, by each, etc. s in illustration of this positive active material shows the number of 0-1. 
[0034]About a negative electrode, if occlusion of the lithium ion can be carried out at the time of charge and it 
can emit at the time of discharge, it is not limited in particular with the material composition, and the thing of 
publicly known material composition can be used. For example, they are carbon materials, such as a lithium 
metal, graphite, or amorphous carbon, etc. And it is preferred to use the electrode electrochemically formed in 
lithium with occlusion and the intercalation material which may be emitted, especially a carbon material. When a 
carbon material is used as negative electrode active material thus it became good to the charging and 
discharging characteristic in a high current, and an output and regeneration density, since specific surface area 
was comparatively large and occlusion and the releasing speed were quick. It is preferred that the negative- 
electrode laminated wood produced by this by mixing a conducting material and a binder uses the thing which it 
comes to apply to a charge collector. Especially as negative electrode active material, it is not limited by the 
kind of the active material, and publicly known negative electrode active material can be used. When the 
balance of an output and regeneration density is taken into consideration, it is preferred to use the 
comparatively large carbon material of voltage change in connection with charge and discharge. If such a carbon 
material is used for negative electrode active material, high charge and discharge efficiency and a good cycle 
characteristic will be acquired. 

[0035]An electrolysis solution dissolves a supporting electrolyte in an organic solvent. 
[0036]Especially if an organic solvent is an organic solvent in which the electrolysis solution of a lithium 
secondary battery is usually used, it is not limited, and carbonate, halogenated hydrocarbon, ether, ketone, nitril, 
lactone, an oxo run compound, etc. can be used for it, for example. In particular, those mixed solvents, such as 
propylene carbonate, ethylene carbonate, 1 ,2-dimethoxyethane, dimethyl carbonate, diethyl carbonate, and ethyl 
methyl carbonate, are suitable. 

[0037]In the solubility, the dielectric constant, and viscosity of a supporting electrolyte, it excels by using the 
nonaqueous solvent more than a kind chosen from the group which consists of carbonate and ether especially 
among these organic solvents mentioned as the example, and since the charge and discharge efficiency of a cell 
is also high, it is desirable. 
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[0038]Although the kind is not limited, especially a supporting electrolyte LiPFg, The derivative of mineral salt 
and this mineral salt chosen from LIBF^, LiCIO^, and LiAsFg, LiSOgCFg, LiCCSOgCFg) ^ and LINCSOgCFg) UN 
(SO.) It is preferred that it is at least one sort of the derivative of the organic salt chosen from 2^2^52 UN 
(SO2CF3) (S02C4Fg) and this organic salt. 

[0039]By this supporting electrolyte, battery capacity should be excelled further and that battery capacity can 
be maintained still more highly also in temperature regions other than a room temperature. 

[0040]It is preferred for it not to be limited in particular for the concentration of a supporting electrolyte, and to 
choose appropriately in consideration of the kind of a supporting electrolyte and organic solvent according to a 
use. 

[0041 ]A separator insulates an anode and a negative electrode electrically, and plays the role holding an 
electrolysis solution. For example, what is necessary is just to use a porous synthetic resin film, especially the 
porous membrane of polyolefin system Polymer Division (polyethylene, polypropylene). As for a separator, it is 
preferred to consider it as a still larger thing than an anode and a negative electrode in order to collateralize 
the insulation with an anode and a negative electrode. 

[0042]A case in particular is not limited and can be created with a publicly known material and a gestalt. 
[00 433a gasket collateralizes a case, the electric insulation between the both-ends child parts of 
positive/negative, and the sealing nature in a case. For example, it can constitute from Polymer Division like 
stable polypropylene, etc. so chemically and electrically in an electrolysis solution. 
[0044] 

[ExamplejThe positive active material and the nonaqueous electrolyte secondary battery of this invention are 
explained based on working example below. "%" shown below, especially, as long as there is no notice, weight 
percent is shown. 

[0045](Manufacture of positive active material) After mixing the raw material which contains each composing 
element by the mole ratio corresponding to the presentation of the positive active material of working example 
1-14 given in Table 1, and the comparative examples 1 and 2, the positive active material of each working 
example and each comparative example was manufactured by the solid phase technique (inside of the air). Raw 
material used the general thing. 
[0046](Production of a lithium secondary battery) 

[Anode] The positive active material of each working example and the comparative example which were 
manufactured, the graphite as a conducting agent, and PVDF as a binding material were mixed by the 
presentation shown in Table 1, it mixed in the N-methy|-2-pyrrolidone as a solvent, and the paste was 
produced. After applying this paste by predetermined weight and thickness on the charge collector which 
consists of A! foil and piercing and carrying out pressing to disc-like [ with an after-desiccation diameter of 1 4 
mm ], the anode was manufactured by carrying out vacuum drying. 

[0047][Negative electrode] PVDF as a binding material was blended with 90% as 10%, the mesophase system 
carbon as negative electrode active material was mixed in N-methy|-2-pyrrolidone, and the paste was 
produced. After applying this paste by predetermined weight and thickness on the charge collector which 
consists of Cu foil and piercing and carrying out pressing to disc-like [ with an after-desiccation diameter of 15 
mm ], the negative electrode was manufactured by carrying out vacuum drying. 

[0048][Nonaqueous electrolyte] UPFg was dissolved in the mixed solvent which mixed ethylene carbonate and 
dimethyl carbonate by the volume ratio 3:7 by the concentration of 1 mol/L, and the electrolysis solution was 

prepared. 

[0049][An assembly of a ceil] An above-mentioned anode, negative electrode, and electrolysis solution were 
used, and this invention cell (20 mm in diameter and about 3 mm in thickness) of the flat form was assembled. 
The fine porous membrane made from polyethylene was used for the separator. 
[0050](Characterization of a lithium secondary battery) 

[Charge-and-discharge capacity evaluation] Charge-and-discharge capacity was evaluated about the cell 
obtained in each working example and a comparative example, respectively. As conditions, it charged to 4.2V by 
the constant current of 1.1 mA/cm^ at the room temperature, and went charge by the constant voltage of 4.2V 
after that till a total of 4 hours. And discharge was performed to 3V by the constant current of 0.5 mA/cm^. 
After charging on the conditions furthermore, it went discharge by the constant current of 5.5 mA/cm^ to 3V. 
The ratio (capacity factor) of service capacity when it discharges by 5.5 mA/cm^ to service capacity when it 
discharges by 0.5 mA/cm^ was shown in Table 1. 
[0051][Result] An evaluation result is shown in Table 1. 
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[0052]The charge and discharge in a high current become possible by using the positive active material of this 
invention so that clearly from Table 1 . 

[0053]Cell capacity in case a capacity factor discharges the cell using the conventional positive active material 
of olivine structure in which the element of the comparative example 1 is not replaced by 0.23 and a high 
current fell remarkably. A capacity factor is 0.3 also about the cell using the positive active material of the 
comparative example 2 by which this replaced some iron elements by the cobalt element, and the satisfying 
performance of what a slight characteristic improvement is regarded as compared with the comparative 
example 1 was not obtained. 

[0054]The cell using the positive active material of each working example had the characteristic respectively 
satisfying enough to it. The cell (working example 3-8) using the positive active material which replaced the cell 
(working example 1 and 2) and oxygen atom using the positive active material which replaced some iron atoms 
by other atoms also in it by other atoms was averaged rather than the cell using the positive active material of 
other working example, and the high capacity factor was obtained. Therefore, it became clear [ a desirable 
thing ] to replace an iron atom by other atoms or to replace an oxygen atom by other atoms. 
[0055]As for the effect, when replacing an iron atom, having replaced by Li (working example 1) was high. And 
as for the effect, when replacing an oxygen atom, it was high to have replaced by F (working example 3), CI 
(working example 4), Br (working example 5), or S (working example 7), and as for the effect, having replaced by 
F or CI further was high. 

[0056]As for the effect, when replacing a phosphorus atom, it was high to have replaced by N (working example 
10), As (working example 1 1). or S (working example 12), and as for the effect, having replaced by As further 
was high. 

[0057]As for the effect, when replacing lithium atoms, having replaced by K (working example 14) was high. 
[00583When each working example is examined individually, respectively, the capacity factor has 0.7 or more 
and the very outstanding characteristic, and the cell using the positive active material of working example 1-5, 
7, and 1 1 has it. [ preferred ] Respectively, the capacity factor has the characteristic which is 0.75 or more and 
was further excellent, and the cell using the positive active material of working example 1 , 3, and 4 has it. 
[ preferred ] 
[0059] 

[Table 1] 
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[0060] 

[Effect of the Invention]The organic electrolysis liquid rechargeable battery obtained by this invention enables it 
to obtain low cost and the cell excellent in the charging and discharging characteristic in a high current from 
the conventional positive active material. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atvv^u=http%3A%2F%2Fwvvw4 2010/04/23 



(i9)B*H#fFit (J p) (12) ^ §^ 1^ ^ ^ (A) (nmwmmmmn 

#192002-198050 
(P2002-198050A) 

(43)^ig B ¥^14^ 7 ^ 12 H (2002. 7. 12) 

(SDlntCl.' FI 
HOIM 4/58 HOIM 4/58 5H0 2 9 

10/40 10/40 Z 5H0 5 0 



»*>i«Dft6 OL 6 H) 



(21)iHH## 


»H2000-397537( P2000-397537) 


(71)tHaA 


000004260 












¥JE12^12^27B (2000. 12. 27) 




«i8i»;(ij«TtBgin»r iTBimm 






(72)5i5M# 


?n& 








»a»)»m*Bg?n«rriTBi#« ttiC^ 














mmm 










«aiK;«m*Bg»»riTBis«i 














(74)ftil!A 


100081776 


















(54) mm<omi 









(57) [Sl^] 

LIm A«Fei-r-z MvMezP,-. X. 04-» Z„ (A: 
Na*5j:tfKO^-BO%<i:fclft M: Fe, Li 

*5ck{:/A 1 «^®^«7cioei-50'>5:< t 1 a. M 

e : L i$5cj;tfA 1 ©5 ■5©'>^< i: 1 X : S 
i, N, A sfej:tfS(?3 5-50'>/5:< Iff, Z: 
F, CI, Br, I, S^5J:r>'N05*.0^:< tfe 1 

3. O^y + z^O. 5, O^m^O. 3. 0<n^ 
0. 5. x + z+m+n>0) H^ttl^c 



(2) 



1 



12002-1 c 



3 0 5 0 



imammm 



L i i« Ax F e,-v-i MyMe; P. 
(A : Na*3j;tfKcD3^0^< ti^lM. M : F 
e, L i i5ci;tf A 1 «^©^Jl7C*©5 SO^< 
1 a. Me : L i ^SctO-'A 1 ©3-5(D'>i5:< tfe 1 
X:Si, N, A si3<J:tfS05*.0'>^< tfe IS. 
Z : F, CI, Br, I, S$3j;t>'N®'p-^0'>:5:< t 
feia. O^x^O. K O^y^O. 5, 0<z^ 
0. 3. G^y + z^O. 5. 0^m<0. 3. O^n 10 
^0. 5. x+z+m+n>0) 

2 ] z > 0 T'fe mM-m 1 tcfBtgcD 

[WsRilS] MfaScfix>0T$5lijl<r|i~4Oi/> 

[ff5t<ii6] u^^L^tymmnmimmr't^ 20 

[0 0 0 1] 

[0002] 

[0 0 0 3] ±ISKfiOIEffiSf&R tint 4 4C 
'arfilff ^/St L i C 0 O2 . L i N i Oz . L i M n 2 

[0 0 0 4] Lt^L^mmwMt LX}mmm%r.ix 
^x^.;^4i■^^ls, xmm(omm 

[000 5] COid^fgnXhft^g^ItLT, fif 50 



X.0<-„ Z„ ••■ (I) 

mMmi^ra:\^>^ mm^~ 1 3 4 7 2 5^1^ 

IS> ffr^¥l 1 -2 5 9 8 35^-1^1) „ 
[0006] 

0 '}\iymm^-^mmmmwz^^. ±nMxn 
[0 0 0 7] ^^x-i^mmt. mkmmfi-ymmic 
~'mmmm^L.tx&^. 

[0 0 0 8] 

xii. mmmcmmmmi immm&t^ 
^BBW&icj^oxm^^nx^^^c t^ic^,^ tm^tn 
tco oto. mm')\£ym^<r)mm«.ii. vy 

m-s^mTtmicxmrnmLrcm. mmxm 

[0 0 0 9] trsb^^ mm<DmmMii. 
x&^x. -^ic (I) X'mmtu\£ymmm 

[0 0 10] -Kit (I) tt, L i,-, A, F e,-y-; M, 
40 MezP,-. X.0,„ Z„ (A ; NafcJ;t>"KtD5^©'> 
^fe 1 a, M : F e, Li fsXlfA 1 JIU^1.©&«7S 
*,a)'>;5:< i t 1 1, M e : L i liiCfA 1 
I30'>^:<t'&l|f, X : S i, N, As^3j;t;S©5 
^®'>^:<t*,ia. Z : F, CI, Br, I. SioJ: 
yN'©9tS(D^!>^<i:feia. O^x^O. K O^y 
SSO. 5, O^zSO. 3. O^y + z^O. 5, 0^ 
m^O. 3. 0^n<0. 5. x + z+in+n>0) T' 

[0 0 1 1] i&fc', mmmK~mmmmw.n?, 



^Cffl 2 0 0 2 - 1 9 8 0 5 0 



[0 0 12] 



[0 0 13] *IIM»Uf-'i7Ai:;^lfflffllESS1^ 
Ma. «i*t>cT-$oT. -KaS (I) r-g^nstijif 

[00 14] 

Li,< A»Fe,-»-/ M,Me^P.-. X. 0.-, Z„ - (I) 



[0 0 15] Afi, N a^Xr}K(Oo*>(D'prj:<: I 
[0 0 16] Mtt. F e, L 1 fc'J;t>*A 1 K^tD^MTT 



[0 0 2 4] bra, ^s^m B^^^i 

[0 0 2 5] 'JyiiJis^tLTa, 'J>gf7yt^<>A 

r (NH,) 2HP0<j ^ouyfk^l^^m^SiitA^ 

[0 0 2 6] ^<Dmmm^7m^ttsumt^(D7t 



[0 0 17]Me«, L i fcitfA 1 ©3-5<D'>^< t 

i^t § f J^A^ c n J: D iSi ^ , SI*'fg T t- 5 *5 ^ n A^' 
[00 18]^LT^ O^y + z^O. 5T'fe§CtA^ 

[0 0 19]Xli. Si, N, A s4oJ;t/S©9-5cD'> 30 
^< llT-gD. N. As. STfe-SCtAWf L 
<. ^P-tcaA sTS)5C:i:/)W$Ll/>o ^LTO^m 

^0. 3X'$>^ctmtL\^\ vym'fmm^m 

[0 0 2 0] Z(4. F, CI, Br, I, S^XXfN(D 
dS©'M< lar-Stl, F, CK Br, STS 

L!/\ ^LTO^n^O. 5-VP>^!ltiiWt^L\^\ M 

[0 0 2 1 ] ^bTSc!3z>0*3j;a^/Xttn>OfcJ; 

yy m > o ^ j; zf/x axyovhz^t m^mr 

c:©&fr-(:\ m^t (z>0) fccttf/Xttil 
Jg? (n>0) ^fM?(caSt5ui:AWSLi\ 

[0 0 2 2] t^mmnmmmMm'st^mt 



[0 0 2 7] lIKOg^^T'jtitt, mcUmhZi^(D7:' 

[0 0 2 8] i^immm. f^fcWM^n-sfed-ett^ 
t^A\ ^a^sayxJiK*f^stf/xasi 

[0 0 2 9] mTkmu-mm] wt(c*^b^©# 

[0 0 3 0] ^HiiJg^CU^'i'Ari^JlJfitt, iEffifc 

mm^mff. Rjfi, a^off^ 

[0 0 3 1] m®gl©U^^Az::Ml!i. lEgfe 

[0 0 3 2] iESa. U^^A^t>^?tlBftaatll 



[0 0 2 3] ^ji-^mmtLximm')i-'yL.'V=f- so ^fbtia. «?i:u^^i.^:t>oMi»in5^ 



5 

Co 0 3 3] mix&wmi.mmmLrcmm^%. 
fe^t:>s^c^suT-^Wi5:'J^'>A-^SK^b^^^ i aw 

±, ii^tTfflV^§Ct?,T't§o fet^tl Lit, 
-s) N i Oz, L i(w MnOz, L I(M Mn^O,. 
LiM CoOz^. MfCL i. A 1, ^-LTC 

u^^nmrntm^ s 0 ~ 1 os(^5^-r, 
[0 0 3 4] s/c. nmr^-o^^xii. u^-^A^t^^ 

mil ■ mmftucfiLxmtrj::^ 

z (73 ck d izmmnt Lxmumm^tc^-^ic 

tt. ctiicmmMts^mmm^m^Lx^ibnrcpM 

[0 0 3 5] mmii. mmicmmmm-^^r^ 

[0 0 3 6] mmit. mnv^'yLz.i)imm<Dmm 
imm^^n^mmxmmm'^^n^i.nx ^ 

t=^vyyit^mm^''^c tm-^^, mc. fu 

tfl/>*-.f:t.-h, x^b>:^j-t:i^-h. 1, 2- 

M-^MUWisXh^o 

[0 0 3 7] micmffcumcommo^^. w 



C4) f^Sr^lj 2 0 0 2 - 1 9 8 0 5 0 

6 

[0 0 3 8] mmi. ^mmmmm^-^n^^(D 

Xlirj:\,-st\ LiPFs. LiBF,. L i C 1 0<Stf 

L i A s F.*^p,s{fn^ffim mmmmmmw. 

LiSO.CF.. LiC (SO. CFO ^feJ;t;L i N 
(SO.CFO L iN (SO. C.F:,) .$iJ;tFL i 
NCSO.CF,) (S0,C,FO A^6lJfn«ttl 

10 tm^^u^o 

[0 0 3 9] l?attti;&?6tc«tl 

osa^tc^ii/^T ^ p. tcE < »t § u t 1 5„ 
[0 0 4 0] sitiM(Driatoi>Tfe#ti£^n§fe 

(Dxm<. micitx. mm^mmmmm 

mmLxmmmm^ctm^L\.\ 

[0 0 4 1] -fe/^i^-^a, mis^mmmmic 

'mu mm^mt^mmi^rcti>iDx^:s>o tc 

tm. ^?L14^fig«l, mz:^^'}i:\y7^ym'^ 
20 ? (.i^ijxg^bx 4^uyDtfly» ©^?Ll^ffll^n 

1 5 fci6> jElio J; tf'flg cfc 19 1 b (c;*: 1 1/ ^ t © 1 1 

[0 0 4 2] 'Jr-Xtt. tflcl^$n§feOT1i;5:<. 

[0 0 4 3] iix'T'vvit. 'T-xt^Emnmm 

30 figT'tSo 
[0 04 4] 

Tt^T r%j i:ttmc»f?3©5:t^PS!3llH^^;&,T^ 

[0 0 4 5] (iE@fg«osi) a 1 mm<Dmm 

1-14 *5j;y'j:k!Kf?J 1 , 2 ©EffigtiK©iasic(cm 

sffls (^a^t') \ti^-^xmmm^xxsmm(D]E 

/Co 

[0 0 4 6] v)^^hz :mmmm) 

mmmtLX(D^'y7 7-(Yt. mmtLxay? 
vD¥tmiX'mm.mm^u mmtLxm- 

^f-;l/-2-fcfnij YymnU-^LX^~7.\-^WmL 

fi. mmxm^i. mmmi 4mm(7)Rs«i;t?j^ 

0 Lfe 



[0 0 4 7] mm] mmw.tbr(D^vyj.-x 



If fffi 2 0 0 2 - 1 9 8 0 5 0 
8 

[0 0 5 4] ttuc^bxmmmoisEmmmm^ 
rcmmit^n^timicmm^^m^^Lxwc. 
tm*^X'mM=?(D-^mw.^xmmLrcmm 
mm>rcnm mm^iu 2) is^mmM^mm 
?r*H^ Lrcmmmm^rcmm mmm 3 ~ s ) 



it, LiPF. ^Imol/KD-mx-m-^^Xm 10 {iftl«D||»J©iEffigtlS^ffll^ftl?fiJ:Dfc¥i*JLT 



[0 0 4 9] mmm^iLx] iisom t®st>* 

lW?l*MfflLT. fiSZOmm, iP**<I3mm©|i^ 

[0 0 5 0] ('Jf-'i'A2:j<;t?i®!ff'I4JFffi) 

nm\fD\^'x^tif'nmmmmmbrco mt l 

Tti. ^?ItT?tl^l. ImA/cm' «-5g1tj5ftT 
4. ZMtXiSCfii^ ^cDl^, 4. 2 VtD£«J±T?t 
l*^^lt4BtHf t1fo/S„ ^bxmmiiO. 5mA/ 
cm' O-tt^^-ea V$Tfjo/c„ ^f)tcr5l^ttT-?t 

BVfefTofto Si to. 5mA/cm' xmbft 
t^(Dtm^Mlcnt^5. 5m A/cm' XrAMbtc 

t^(DmMMo:im emit) ^n^btzo 
[0 0 5 1] mm mm^m 1 t^t„ 

[0 0 5 2] glA^6^P.A^«;j:5}c:, *fgW©IEl?g 

i„ 

[0 0 5 3] mm 1 075«*'Kgi^nTi^^t^;*-i; e 



[0 0 5 5] mi'mm?>M'^iaii i r-Bj^-r^ 

mmt^ii-aicnF (mmm 3) . c 1 cmm 
4) . Br (^if^js) s/ctis (HffiM?) xsmt 

[0 0 5 6] vyjM^mm^iii^iaiN m 
Mdi 0) , As mmm I n s/tas (^imu 
2 ) xmmt^ c t m)i-!^m < . ^ s t a s rs^t 

[0 0 5 7] v^^m^mmt^m-autKX'm 
t^ct mmmi 4) m^mfj^-Drc. 

[0 0 5 8] Sft^^Sfi^J^MSUtS^W-rsi:, 

mmo. iiu^it^mnmm^bxmm 
Li/\ mmmu 3, 4(DiE<igtiK^ffli-^/-c 
i)tfifi^n?^n^ift*<o. 7 5«±-c^t)?e,citi 

[0 0 5 9] 



1 




96 


PVDF 
% 








LiFeP04 


85 


5 


10 


0.23 




LiCoo.2Feo.8PO4 


85 


5 


10 


0.3 




LiCoo.2fLlo.iFeo.7tP04 


85 


5 


10 


0.75 




LICoo.z)Alo.iFeo.7lP04 


85 


5 


10 


0.72 




LICoo.jFeo.8P{03.9Fo.)| 


85 


5 


10 


0.8 


IIMi«)4 


LiCoo.2FeojP{Oj.9Clo.il 


85 


5 


10 


0.78 


1^11015 


LICoo.2Feo.8PjO3.9Bro.1l 


85 


5 


10 


0.71 




LICoo.2Feo.8P{03.9i[o.i 1 


85 


5 


10 


0.68 




UCoo.2Feo.8Pj03.9So.i} 


85 


5 


10 


0.73 


mmtB 


UCoo,2Feo.sPf03.9No.il 


85 


5 


10 


0.65 


^uma 


LICoo.2Feoj{Po.9Sio.i }04 


85 


5 


10 


0.65 


mi/umto 


LiCoo.2Feo.B}Po.9No.i f04 


85 


5 


10 


0.68 




LiCop.2Feo.8{Po.sAso.i IO4 


85 


5 


10 


0.7 




LiCooj!FeojjPo.9So.i }04 


85 


5 


10 


0.66 




Uoj5Nao.05JCoo.2Feo.8PO4 


85 


5 


10 


0.55 




U0.9sK0.05JCoo.2Fe0.9PO4 


85 


s 


10 


0.58 



[0 0 6 0] 



50 mmmm *mnxmm^mmmi&~:xmmic 



(6) ItfTf 2 0 0 2 - 1 9 8 0 5 0 

9 10 



F ^-LCm) 5H029 AJ02 AK03 AL06 AL07 AL08 
AL12 AM02 AM03 AM04 AMOS 
AJI07 DJ16 HJ02 
5H050 AA02 BA16 BA17 CA07 CB07 
CB08 CB09 CB12 DA02 FA17 
FA18 HA02 



